BACKGROUND: The current standard for confi rmation of correct supra-diaphragmatic central venous catheter (CVC) placement is with plain fi lm chest radiography (CXR). We hypothesized that a simple point-of-care ultrasound (POCUS) protocol could effectively confi rm placement and reduce time to confi rmation.
INTRODUCTION
Central venous catheter (CVC) placement has been identified as an essential tool in the resuscitation of the critically ill. [1] [2] [3] It is estimated that there are on average 5 million CVCs placed annually in the U.S. alone. [4] This nearly widespread use of CVCs allows for the rapid infusion of fl uids, delivery of centrally acting medications and active hemodynamic monitoring. [1] Complications are expansive and include catheter tip misplacement. [4] Therefore, following placement, plain fi lm chest radiography (CXR) has been largely considered as standard to identify correct catheter tip location. [5] Point-of-care ultrasound (POCUS) has long been identifi ed as a reliable procedural guidance tool to reduce complications associated with CVC placement, [6, 7] to identify post-procedure pneumothorax [7] [8] [9] [10] [11] [12] [13] and has most recently gained traction as a potential tool to reduce the potential delay of confirmatory post-procedure CXR during supra-diaphragmatic CVC placement. [7] [8] [9] [10] [11] [12] [13] However, these current ultrasound protocols to confirm supra-diaphragmatic CVC placement, even without a post-pneumothorax assessment can be complex and cumbersome for some users.
We therefore hypothesized that a simplifi ed, single view World J Emerg Med, Vol 8, No 1, 2017 
METHODS

Study design, setting and population
This was a prospective evaluation of POCUS to identify correct and timely supra-diaphragmatic CVC placement in a convenience sample of critically ill patients in the emergency department (ED) and intensive care unit (ICU) at an urban, academic level 1 trauma center. Annual census of the ED was 50 000 patients. The study was performed between January 2012 and May 2015. Patients less than 18 years of age or who informed consent was not obtained were excluded. The study site institutional review board approved this study.
Study protocol
Research associates were present in the ED and ICU between the hours of 8 am and midnight to identify and enroll potential study participants. After informed consent, POCUS was performed by resident trainee after CVC placement. Each resident trainee was familiar with obtaining the appropriate cardiac view for the study, but had not necessarily seen turbulent flow before (specific ultrasound protocol is outlined below). A CXR was also performed immediately after CVC placement as per institutional guidelines and in no instance was POCUS to delay obtaining a CXR. Time points were compared between time of ultrasound and CXR completion; the actual time it took to perform the ultrasound from start to finish was not recorded. Accuracy of appropriate placement were compared to radiology interpreted CXR (often delayed many hours, but considered gold standard for study). Appropriate placement was considered to have occurred if the CVC tip was visualized at or immediately above the right atrium on CXR. Results and all time points were recorded by the research associates.
Ultrasound protocol
A low frequency (1-5 MHz) phased array probe was used to obtain a parasternal long, apical or subcostal view of the heart with the patient in a supine position. Next, a 5 cc injection of sterile, non-agitated, normal saline was rapidly pushed through one of the ports on the CVC. The CVC was interpreted to be in the appropriate position if echogenic, turbulent flow was visualized by B-Mode sonography within the right atria (Figures 1 and 2) immediately after injection. Sonosite Edge or M-turbo machines were used for image acquisition (FujiFilm Sonosite Inc, Bothell, WA).
Data analysis
Sensitivity and specificity are reported using descriptive statistics, with CXR being considered the gold standard. Comparison between POCUS and CXR mean completion time was found to be least skewed using Wilcoxon signed-test, with clinical significant considered to be P<0.05. Median and IQR ranges are also presented as descriptive statistics. Data analysis was performed using Stata (Version 12.1, Stata Corp, College Station, TX).
RESULTS
Seventy-eight patients were enrolled. Forty (51%) patients were female. Average body mass index was 29. A total of 13 (17%) were placed in the ED, while the Vol 8, No 1, 2017 rest were placed in the ICU. Specific location of supradiaphragmatic CVC placement was as follows: 43 (55%) right internal jugular, 21 (27%) left internal jugular, 9 (12%) left subclavian and 5 (6%) right subclavian. Comparison between CXR and POCUS are outlined in Table 1 . There were 2 instances where the central line had a malposition detected on CXR: in the first case there was coiling in the neck with tip extension toward the right atrium and in the second case the central line crossed the midline into the subclavian vein. In both of these instances of malposition POCUS was correctly unable to confirm correct CVC placement (no turbulent fl ow seen).
Sensitivity and specifi city for POCUS in confi rmation of correct supra-diaphragmatic CVC placement were 86.8% (95%CI 77.1%-93.5%) and 100% (95%CI 15.8%-100.0%), respectively. Mean time to completion for POCUS was 27.6 (95%CI 20.3%-35.0%) minutes and 37.6 (95%CI 30.3%-45.0%) minutes for CXR. CXR completion was therefore, on average delayed an additional 10 minutes (P=0.07). Median POCUS and CXR completion were 16 minutes (IQR 10-29) and 32 minutes (IQR 19-45), respectively.
DISCUSSION
Current standards dictate that correct positioning of a supra-diaphragmatic CVC be confirmed by CXR before catheter use. Methods that may reduce time to confirmation or provide an alternative to CXR when unavailable may be able to improve patient care, especially in the critically ill. Recently, multiple studies have demonstrated that with a combination of ultrasound views and injectable materials, POCUS may be able to provide earlier and correct CVC positioning in the superior vena cava. [7, 13, 14] Vezzani et al [13] illustrated that the use of contrast enhanced, agitated saline could be used to confi rm placement of CVC. This visualization of the echogenic agitated saline allowed for confirmation of correct CVC placement in an average of 10 minutes with 96% sensitivity. Zanobetti et al [14] used a more complex ultrasound protocol with multiple views and also observed correct CVC placement in an average of 5 minutes with 94% sensitivity. Although requiring Variables POCUS + POCUS -CXR + 66 10 CXR -0 2 Table 1 . Comparison between CXR and POCUS confi rmation of CVC placement more views, these studies are also promising for rapid confirmation of supra-diaphragmatic CVC. We believe that in the critically ill patient, who requires immediate central acting vasoactive medications, may benefi t from even a reduction in delay of only 5 to 15 minutes. Our study differed from these previous studies in that it was even further simplified and yet despite this simplification continued to observe with reasonable sensitivity that there is an opportunity for POCUS to provide early confirmation of correct CVC placement. This protocol simplification was achieved through multiple methods. First, we opted to simplify our scanning protocol to only a single cardiac view. This mainly reduced the need to confirm correct vessel cannulation, which is redundant as it should already have been done in a dynamic process during the initial CVC placement. Second, we replaced the use of agitated normal saline or contrast material injection with a sterile, non-agitated normal saline. This simplifi ed the injection procedure for the provider as well as reduced the need for any additional training or hospital regulatory efforts of using a contrast enhanced material.
While we were able to appreciate a similar sensitivity, we were not able to appreciate the same time benefi t as with the prior studies. In particular, we observed that it took on average relatively longer to perform the ultrasound protocol than that of the prior studies. We suspect this delay was much in part due to the fact that the majority of our studies were performed in the ICU, where the resident trainees may have been less comfortable than our ED counterparts at performing POCUS. Another factor is that the residents performing the ultrasound may have been distracted by other tasks such as order entry, documentation, updating families or providing other patient care which would delay time to POCUS completion. It is also possible that since the ICU has less POCUS equipment per patient, there may have been limited the equipment accessibility to perform the scan. We suspect if this confirmation protocol becomes more validated, there may be more priority to complete a POCUS confi rmation and therefore the time to completion would potentially be reduced signifi cantly. Nonetheless, despite this, the median time to POCUS completion was less than that of CXR. It is therefore possible, if we had a higher enrollment we may have been better powered to appreciate a statistical difference in average time between POCUS and CXR.
Limitations
There were several limitations to our study. First, it was performed at a single center with a robust hospital-wide POCUS program. As a result, it is possible that our physician sonographers may be more skilled at image acquisition and interpretation than physicians at other sites. Second, our sonographers were often also those placing the CVC, so they may have experienced an interpretation bias based on their own comfort with the original CVC placement. However, this is hopefully mitigated by the fact that without a confirmatory CXR, they did not know the true success of the procedure. Third, we had only two instances of malposition, though both went appropriately unconfirmed by POCUS. Of particular concern is that, we had no cases of a central line be placed in an innominate or azygous vein, which may still have produced a false positive by visualizing turbulent fl ow in the right atrium.
CONCLUSION
Our data suggests that a simple, single cardiac view during injection of non-agitated normal saline may be used to identify correct and rapid confirmation of correct CVC positioning. This may be especially valuable in instances where there is delay in obtaining a confi rmatory CXR.
